In order to evaluate the degree of arsenic (As) exposure and the factors influencing urinary As excretion and metabolism, 192 workers from a steel and iron smelting plant, with different type of work in production such as roller, steel smelting, iron smelting and metallic charge preparation, were recruited. Information about characteristics of each subject was obtained by questionnaire and inorganic As (iAs), monomethylarsonic acid (MMA), dimethylarsinic acid (DMA) in urine were determined. The results showed that steel smelters had significantly higher concentrations of DMA and total As (TAs) than rollers and metallic charge preparation workers, and iron and steel smelters had a higher value of primary methylation index and lower proportion of the iAs (iAs%) than rollers and metallic charge preparation workers. In steel smelters, urinary As level exceeded the biological exposure index (BEI) limit for urinary As of 35 mg/l by 65.52%, and higher than metallic charge preparation workers (35.14%). The individuals consumed seafood in recent 3 days had a higher TAs than the individuals without seafood consumption. Multivariate logistic regression analysis showed that different jobs, taken Chinese medicine of bezoar and seafood consumption in recent 3 days were significantly associated with urinary TAs exceeded BEI limit value 35 mg/l. Our results suggest that workers in steel and iron smelting plant had a lower level of As exposure, and seafood consumption and taking Chinese medicine of bezoar also could increase the risk of urinary TAs exceeded BEI limit value. Keywords: urinary arsenic; steel and iron smelting; metabolic profile; occupational exposure; risk factors INTRODUCTION Arsenic (As) is a known human carcinogen 1 and widespread distributed in the environment. Millions of people in the world are chronically exposed to As via drinking water, air or industrial sources, such as As pesticide production and use, As refining and mining, glassware manufacturing, semiconductor fabrication, and non-ferrous smelters.
INTRODUCTION
Arsenic (As) is a known human carcinogen 1 and widespread distributed in the environment. Millions of people in the world are chronically exposed to As via drinking water, air or industrial sources, such as As pesticide production and use, As refining and mining, glassware manufacturing, semiconductor fabrication, and non-ferrous smelters. [2] [3] [4] [5] [6] Several epidemiological studies have been focused to occupational exposure, including glassware manufacturing, non-ferrous smelting process of copper, zinc, tin and lead, nevertheless, As exposure of steel and iron smelters is still not well understood.
Inorganic As (iAs) undergoes rapid metabolism after absorption into the human body, involving successive reductions and methylations and leading to the excretion of inorganic species and organic methylated metabolites of monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA). Although a certain proportion is accumulated in the body, approximately 40-60% of the ingested form and 55-80% of the inhaled form are excreted in the urine, mainly within 1-2 days. The relative distribution of the different types of As excreted in human urine after exposure to inorganic As is 10-20% of iAs, 10-20% of MMA and 60-80% of DMA. 7 The relative proportion of the inorganic and methylated urinary As species is considered as an appropriate indicator of the individual methylating capacity. Organic As compounds in environment taken by human are mainly from food, especially seafood that contains high levels of organoarsenics. The main As species in seafood, arsenobetaine (AsBe), arsenocholine and arsenosugars (AsSugs) are relatively non-toxic. AsBe does not seem to be metabolized and is rapidly eliminated in unchanged form in the urine, 8 and AsSugs can be partly metabolized to DMA. 9, 10 Urinary As concentration is considered a reliable indicator of current As exposure. [11] [12] [13] Assessment of occupational exposure to iAs has usually been carried out by measuring the concentration of MMA, DMA and iAs in urine. Most occupational studies to date relating As exposure to urinary excretion have been conducted in non-ferrous smelters. 5, 14 It is of interest to examine other work settings of As exposure, such as steel and iron smelters. In this study, we attempted to evaluate the degree of As exposure in steel and iron smelting workers, and analyze urine metabolite profiles of four groups with different type of work in production and the factors of influencing urinary As excretion and metabolism. For occupational exposure to iAs, the biological exposure index (BEI) of total As (TAs) in urine, defined as the sum of iAs þ MMA þ DMA, was set at 50 mg/g creatinine (Cr) in 1997, and has been revised to 35 mg/l in 2000. 15 Therefore, we selected 35 mg/l and 50 mg/g Cr, respectively, as BEI of TAs in urine to assess the As exposure of workers.
MATERIALS AND METHODS Subjects
This study was conducted in four departments with a total of 192 workers (male) from a steel and iron smelting plant, a foundry producing cast iron and steel, located in northeastern part of China. The workers employed in four departments did different jobs, including 37 of metallic charge preparation workers, 42 of rollers, 55 of iron smelters and 58 of steel smelters. All subjects gave informed consent to take part in the research. Our University Ethics Committee approved the study. A questionnaire was administered to all subjects to obtain information on age, height, weight, work history, diet (including consumption of seafood, meat, vegetable and fruit in the 3 days preceding the start of the study), smoking habit, alcohol intake, medical history and other lifestyle factors. All subjects with urinary Cr values outside the range of 0.3-3.0 g/l, recommended by the World Health Organization (WHO) for the acceptability of urine samples for biological monitoring, 16 were excluded. All the subjects included in this study performed the same tasks for all the years that they had been employed in the plant. The general characteristics of the study subjects were listed in Table 1 . The oldest group was the metallic charge preparation workers (average age 44.6 years) and the youngest group was the steel smelters (average age 36.5 years). Overall, more than half of the study subjects were smokers. The mean employment years was 6.04 years for all individuals, and employment years of iron smelters (7.21 years) was higher than that of the metallic charge preparation workers (4.19 years). Body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) was derived from measured height and weight at baseline. BMI of participants were classified into underweight (o18. 5 2 ) as the standard of Asian. In all, 59.4% of the workers declared seafood consumption and 11 workers took Chinese medicine of bezoar (containing As disulfide) in recent 3 days before the administration of the questionnaire. There were no significant differences of smoking behavior, employment years and taking Chinese medicine of bezoar in these four groups. Most of the subjects drank tap water. The As concentration of tap water was determined and below to10 mg/l. Spot urine samples were collected in PVC bottles from all participants at the end of the shift or at the beginning of the next shift, kept on ice, immediately transferred to the laboratory in China Medical University and stored at À 20 1C, and analyzed within 1 week of collection.
Urinary As Analysis
Determination of As species, iAs, MMA, DMA, and trimethylated As (TMA) in urine was performed by atomic absorption spectrophotometer (AA-6800, Shimadzu, Kyoto, Japan) with an As speciation pre-treatment system (ASA-2sp, Shimadzu). Quantitation of As species were performed as described previously 17 and dimethyl As compounds in urine may be detected as DMA by NaOH digestion. As TMA was not iAs metabolite in urine, we reported the TAs concentrations by summing up the concentrations of iAs, MMA and DMA. Under our analytical conditions, differentiation of the trivalent forms from the pentavalent forms of As cannot be performed. The final reported urinary As species concentration was adjusted by individual urinary Cr level measured by Jaffe reaction by the method reported previously to remove the influence of the effect of urine dilution on exposure biomarkers measured in spot sample. 18 Based on the determination of As species in urine, percentages of urinary As metabolites (iAs%, MMA% and DMA%) and two methylation indices, the primary methylation index (PMI) and the secondary methylation index (SMI), were calculated as (MMA þ DMA)/TAs and DMA/(MMA þ DMA), 18 to assess the As methylation capacity.
Statistical Analysis
Statistical analysis was performed with the SPSS statistical package (SPSS version 13 for windows). Each individual measurement of urinary As was adjusted with urinary Cr level. The Kolmogoroff test was applied for determining whether the data were normally distributed. Normally distributed and logarithmic transformation normalized the distribution variables were analyzed with parametric tests and with non-parametric tests in other cases. The differences in frequencies were evaluated by the w 2 test. Calculations of odds ratios (ORs) and 95% confidence intervals (CI) for the association between the individuals excreting ''non-standard'' amounts of TAs (435 mg/l or 50 mg/g Cr) and different jobs or potential risk factors were performed with multivariate logistic regression. Different jobs, age group, employment years, smoking habit, BMI, taking Chinese medicine of bezoar and seafood consumption in recent 3 days were included in the multivariate logistic regression models. A probability of 0.05 or less was considered as significant.
RESULTS
The differences among the As urinary levels of the studied workers were detected, according to the different occupational jobs ( Table 2 ). The TAs content in urine was 32.19 ± 13.07, 44.80 ± 25.50, 36.72 ± 20.01 and 34.96 ± 20.48 mg/g Cr, and 35.47±17.14, 46.12±26.40, 41.43±28.48 and 30.75±19.56 mg/l for rollers, steel smelters, iron smelters and metallic charge preparation workers, respectively. Steel smelters had significantly higher concentrations of DMA and TAs than rollers and metallic charge preparation workers with Cr adjustment or not (Po0.05). TAs without Cr adjusted of iron smelters was higher than that of metallic charge preparation workers (Po0.05). Nevertheless, iron smelters had significantly lower iAs than that of other three groups (Po0.01). The mean values of PMI were 0.889, 0.926, 0.936 and 0.860 for rollers, steel smelters, iron smelters and metallic charge preparation workers, respectively. Iron smelters had a highest value PMI and higher than other three groups workers (Po0.01). Steel smelters also had a higher value PMI than rollers and metallic charge preparation workers (Po0.01). No significant difference was found among any of the four groups workers for Po0.05 compared with the workers of metallic charge preparation.
Influencing factors of urinary arsenic excretion Shuhua et al SMI (P40.05). The DMA (80-86.8%) was the most abundant As metabolite in urine followed by iAs (6.4-14%) and MMA (5.8-7.4%) for four groups workers. The proportion of the inorganic form in metallic charge preparation workers and rollers was higher than that of steel and iron smelters (Po0.05). The proportion of DMA in metallic charge preparation workers was the lowest among four groups workers and lower than that of steel and iron smelters. The TAs concentrations of 50.74% of urinary samples in four groups workers were showed higher than BEI limit value of 35 mg/l and 17.33% of urinary samples were higher than the BEI limit value of 50 mg/g Cr suggested by the American Conference of Governmental Industrial Hygienists. 15 In steel smelters, urinary As concentrations exceeded BEI limit of 35 mg/l or 50 mg/g Cr by 65.52%, 29.31%, and higher than metallic charge preparation workers (35.14%, 10.81%) by w 2 test, see Table 3 . In the results, steel smelters had the highest concentrations of TAs and DMA, and the highest percentage of urinary TAs exceeded limit value 50 mg/g Cr or 35 mg/l, we also found that steel smelters had a higher amount of seafood consumption (174 g) in recent 3 days preceding urine samples collection than rollers (90 g), metallic charge preparation workers (105 g) and iron smelters (114 g). Therefore, we selected the individuals without seafood consumption in recent 3 days to evaluate the distribution and metabolism of As, the results were not shown. In excluding seafood consumption subjects, the concentrations of iAs (3.73 mg/g Cr), MMA (3.12 mg/g Cr ), DMA (42.29 mg/g Cr ) and TAs (49.14 mg/g Cr, 44 .09 mg/l) in steel smelters were still the highest among four groups, and steel smelters also had the highest percentage of urinary TAs exceeded BEI limit 50 mg/g Cr (38.89%), or 35 mg/l (50%). These results can be explained that seafood consumption was not the main factor to increase the As level in steel smelters.
Besides different jobs, we analyzed the influence of other potential factors such as age, employment years, BMI, smoking habits, seafood consumption and taking Chinese medicine of bezoar in recent 3 days, on PMI, SMI and TAs, see Table 4 . There were no differences among three age groups for TAs with Cr Po0.01 compared with the workers of metallic charge preparation.
Influencing factors of urinary arsenic excretion Shuhua et al adjusted, but TAs without Cr adjusted in the youngest age group was higher than that of both remaining age groups. TAs without Cr adjusted in the healthy weight (BMI: 18.5-23 kg/m 2 ) group was higher than that of overweight (BMI: 23-25 kg/m 2 ), and secondary As methylation (SMI) of obesity (BMI 425 kg/m 2 ) was higher than that of overweight group. The individuals consumed seafood in recent 3 days had a higher TAs than the individuals without seafood consumption. The subjects taking Chinese medicine of bezoar in recent 3 days had higher TAs and lower PMI and SMI, but there was no statistical significance. The influences of employment years and smoking habits on PMI, SMI and TAs were not seen. Multivariate logistic regression analysis showed that different jobs (OR ¼ 3.93, 95% CI: 1.48-10.43 for steel smelters compared with metallic charge preparation workers), taking Chinese Medicine of bezoar (OR ¼ 4.06, 95% CI: 0.96-17.07) and seafood consumption in recent 3 days (OR ¼ 2.1, 95% CI: 1.1-4) were significantly associated with urinary TAs exceeded BEI limit value 35 mg/l, and different jobs (OR ¼ 4.27, 95% CI: 1.16-15.69 for steel smelters compared with metallic charge preparation workers) were significantly associated with urinary TAs exceeded BEI limit value 50 mg/g Cr (Table 5) .
DISCUSSION
This study, based on a healthy worker population from a steel and iron smelting plant, showed that urinary TAs concentrations of four occupational groups were from 30.75 to 46.12 mg/l. The results of TAs are consistent with previous studies. 19, 20 They reported urinary As levels of 38.1-76.8 mg/l for steel industry workers. In our investigation, urinary TAs of a half of samples was above BEI of 35 mg/l suggested by the ACGIH, but only 17% of urinary samples was higher than the BEI limit value of 50 mg/g Cr, which showed the revised BEI of urinary As was more safe to control As exposure. It has been reported 21 that the sum of the concentration of the three metabolites (iAs, MMA and DMA) in urine is usually o10 mg/g Cr in non-occupationally exposed subjects, which indicated that steel and iron smelting workers had a relatively low-level of exposure to As, especially for steel smelters.
It has now been shown that iAs is methylated to stable MMA and DMA when exposure has been to iAs. 22, 23 Although the average relative distribution of As metabolites in the urine of many populations seems to be fairly constant, there are populations with a somewhat-different distribution of As metabolites. Some studies have suggested that increased concentrations of As are associated with decreased methylation capacity, and it has been speculated that this effect maybe due to saturation of the As metabolic pathway. 24, 25 Nevertheless, there are studies also showing that the percentage of DMA increases with exposure concentration, contradicting the theory of an existing threshold of saturation for the As methylation process. [26] [27] [28] Our study showed a significant association between high concentrations of TAs in urine and increased secondary methylation capacity, represented by low iAs% and high DMA%. Several reports suggested that some types of seafood (e.g., mussels) may contain DMA, which can interfere with specific attribution of urinary As species after exposure to iAs. [29] [30] [31] Therefore, we observed the distribution and metabolism of urinary As in excluding subjects of seafood consumption in recent 3 days, and the percentage of As species was similar to that of all individuals. Although the concentration of TAs was significantly high in the seafood intake group than no sea food intake group in recent 3 days, there were no significant differences for the percentage of urinary various arsenicals between seafood intake or no seafood intake groups, which indicated that the percentage of urinary As species is not influenced by the presence of organoarsenicals of dietary origin in our study.
In iAs methylated metabolism, MMA is both the product of the first methylation of iAs and the substrate of the second methylation that produces DMA, thus, PMI was calculated as (MMA þ DMA)/TAs and SMI was calculated as DMA/(MMA þ DMA) in this study. According to Vahter and Concha 7 report of the Influencing factors of urinary arsenic excretion Shuhua et al relative distribution of 10-20% iAs, 10-20% MMA and 60-80% DMA in urine, in our study, DMA relative distribution of As metabolites in the urine was higher (480%) and MMA% was lower (o10%). Our results also showed that steel and iron smelters had higher PMI than that of rollers and metallic charge preparation workers. It can therefore be concluded that most MMA in the body could be properly transformed into DMA and further results in a DMA high level when exposed to a low level of As, and occupational exposure of lower As level does not inhibit the methylation of As.
Some studies show an influence of smoking habits, 27, 32 BMI 33 and seafood consumption [29] [30] [31] on the metabolism of iAs. In our stratification analysis, smoking habit was not shown to have any influence on the levels of TAs, although it has been thought that the use of arsenical pesticides made tobacco one of the main sources of non-occupational exposure to As in man. Some authors 27 also have stated that smokers show a reduced capacity to methylate MMA to DMA, and we did not find any difference for PMI and SMI between smokers and non-smokers. BMI as a factor affecting As methylation efficiency has not arrived at consistent results. Several studies [33] [34] [35] reported a positive association between BMI and As methylation capacity with a decrease in %MMA and an increase in %DMA. In contrast, a small number of studies have shown an inverse direction between BMI and As methylation efficiency 36 or no any influence of BMI on As excretion. 31 In this study, we showed a decrease in TAs (mg/l) with higher BMI, and SMI of BMI ¼ 23-25 kg/m 2 group was lower than that of BMI425 kg/m 2 group, a evident association between BMI and As methylation capacity cannot be observed. Seafood containing organic As may confound total urinary As analysis because of metabolism conversion of AsSugs to DMA in the body or through the presence of DMA in the seafood, 3 and numerous studies have confirmed this association. [29] [30] [31] Conversely, some studies 37 cannot find any association between the consumption of seafood and the urinary concentrations of the As species. Our study showed that the group of consumption of seafood in the 3 days before the collection of urinary samples had a higher TAs (mg/l) compared with no seafood consumption group, but there were no differences for iAs, MMA, DMA adjusted by Cr (no results shown). These results could be explained by the variable content of arsenicals in seafood and seafood species.
In multivariate logistic regression analyses, different jobs, taking Chinese medicine of bezoar and seafood consumption in recent 3 days were the risk factors for urinary TAs exceeded BEI limit value. The results were consistent with the compare analysis of different characteristics of workers.
In conclusion, our results show that there are differences for urinary As species among different jobs workers in steel and iron smelting plant, especially steel smelters, although it has been thought that occupational exposure to As is mainly non-ferrous smelting process. In addition, our results also suggest an increased risk of urinary TAs exceeded BEI limit value after seafood consumption and taking Chinese medicine of bezoar in recent 3 days. Further study is needed to assess As concentrations of air environmental of four departments in steel and iron smelting plant. Influencing factors of urinary arsenic excretion Shuhua et al
